the fourth type. The system is used to evaluate digestion of cellulose in small samples of ground forages or purified cellulose.
However, digestion of other nutrients and dry matter can be followed by similar techniques.
Capacity
A schematic diagram of the system is presented in Figure 1 . The system accomodates 170 round bottom Pyrex centrifuge tubes of lOOml capacity. Each tube is equipped with a pouring lip which allows loss of gas from the tube and permits addition of buffer. The water baths is fitted with a locally constructed, height-adjustable, stainless steel rack (Figure 2 ).
Gas Control
Tygon inlet tubing from two CO2 cylinders leads into a water trap through which the gas bubbles. The trap provides a rapid visual means of checking the flow of CO2 into the system. A low rate of simultaneous release from each of two cylinders prevents frosting and freezing of the lines that is caused by expansion of gas during rapid release from only one cylinder.
A tube from the water trap enters the main manifold system. Flexible rubber tubing connects the main manifold to nine branch manifolds and to the pressure gauge. The branch manifolds (labelled as "bench manifold" in the diagram) each connect to a maximum of 20 centrifuge tubes by flexible rubber tubing. An eight-inch length of fivemm glass tubing with a jet tip is inserted through a rubber stopper in each centrifuge tube. The fine tip produces a stream of bubbles which mixes fluids in the tube. Screw clamps adjust gas flow rate in each tube.
One rubber tube from the main manifold attaches to a glass tube extending to the bottom of a waterfilled graduated cylinder.
The gas pressure within the entire system is evaluated qualitatively by the water height in the glass tube within the This simple pressure gauge device also permits escape of gas if a branch manifold malfunctions.
The manifolds are made from copper tubing in this system, but should be of glass for trace mineral studies.
pH Confrol
Nutrient and buffer solutions are added to the centrifuge tubes at the beginning of the trial as described below. The nutrient media and buffer solutions vary according to the purposes of the investigation, but modifications of those suggested by Quicke et al. (1959) have proved satisfactory. Enzymatic casein hydrolysate (2.5 ml/tube of a 20 mg/ml solution) is added to Quicke's original mixture.
The buffer-nutrient 22031-Rg Mgmt 8X on 10 -HW mixture is saturated with CO2 before use. Approximately ten, 20, and 20 ml, respectively, of buffer, nutrient medium, and rumen fluid are added to each tube. The pH remains near 6.9-7.0 during the fermentation.
Operation Sequence
The following sequence of operation is used:
1. Oven-dried feed samples are weighed into the centrifuge tubes. Standard samples are included in each trial for comparisons between trials. Blank tubes are included for each fermentation period to account for constituents added by the rumen fluid.
2. Gas flow through the individual jet tubes is pre-set by adjusting the screw clamps while the jet tubes are immersed in water.
3. The centrifuge tubes are placed in the prewarmed water bath and nutrient and buffer solutions are added with a graduated syringe. A few drops of mineral oil are added to each tube to lower evaporative losses and to decrease foaming. Rumen fluid, which may be processed by several methods, is added to provide microoganisms. 4. Gas flow is initiated prior to insertion of the jet tubes to prevent clogging of the tips. Equalization of gas flow is accomplished by decreasing the flow rate in all the tubes which have a high rate of gas release rather than by increasing the rate in slow tubes.
5. A few hours after the start of, the plastic. A backing sheet is pressed in place, and the mount is trimmed to size on a paper cutter. Another sheet of adhesive plastic makes the best backing but increases t h e cost. This makes a completely waterproof and flexible mount. Acetate plastic, tracing cloth, and botany paper all make satisfactory backing material at much less cost.
Self-laminating plastic is available from most stationers and office suppliers in a variety of weights and sizes. Prices vary from 40 to 75 cents per square foot. Materials for a 4 by 6 inch mount using botany paper backing costs about 12 cents. The artifical rumen recently has been used to estimate empirically the nutritive value of range plants (Taylor et al., 1960; Frederiksen and Washburn, 1961; Wallace et al., 1961; and Van Dyne, 1962) . Two special requirements of an artifical rumen system for studies on the range, as compared to barn or feedlot investigations are: 1. Large capacity-the ability to digest a given forage sample varies more among classes of livestock under range grazing than it does under corral-feeding conditions (Van Dyne, 1962 This article describes the components and operation of an artificial rumen system of TECHNICAL NOTES the fourth type. The system is used to evaluate digestion of cellulose in small samples of ground forages or purified cellulose. However, digestion of other nutrients and dry matter can be followed by similar techniques.
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5. A few hours after the start of, and also midway through the digestion periods, the inside of each centrifuge tube is washed down with buffer solution and the pH checked.
6. At termination of the fermentation periods the gassing is stopped. As the jet tubes are removed the adhering feed particles are rinsed back into the centrifuge tubes. Adding alcohol or acid and refrigerating the tubes provides a rapid means of stopping the fermentation until chemical analyses are conducted.
7. Some chemical analyses (e.g., cellulose)
are conducted directly within the centrifuge tubes, thus decreasing transfer losses.
Discussion.
This relatively portable system requires only simple equipment for its operation, thus facilitating its use in field laboratories.
The water bath was modified to require only 115 volts and 1375 watts. The system uses about 1.5 CO2 cylinders (53 pounds each) for a 48-hour run on 170 tubes.
The system described is much easier to operate than the continuous flow or semipermeable membrane systems used in some artificial rumen studies (compare El Shazley et al., 1960; Stewart et al., 1960) . One advantage is that gassing is in parallel; when gassing is in series there may be carryover of foam, fluids, and microorganisms from one tube to another. Less equipment is required per sample than in most volumetric systems (compare Hungate et al., 1960) .
A disadvantage in individual-tube gassing is that the initial adjustment of gas flow rate is rather tedious. Some investigators (e.g., Tilley et al., 1960) use systems in which gassing is done only at the initiation of the fermentation.
Each tube then is capped with a gas escape valve to help maintain anaerobic conditions. However, we have obtained higher levels of cellulose digestion and better agreement between duplicates with continuous gassing. 
